A four year study was undertaken on the effect of three amendments (biosolid compost 2 (BC), sugar beet lime (SL), and combination of leonardite plus sugar beet lime (LESL)) 3 on reclamation of a moderately trace element contaminated soil under field conditions. 4
Introduction 18
A c c e p t e d 
Experimental design and soil sampling 6
The experimental plot (20 x 50 m) was divided into 12 subplots of 7 x 8 m each, 7 with a margin of 1 m (long) and 2 m (wide) between plots. Three amendments -two 8 organic and one inorganic-were used. The two organic amendments were biosolid 9 compost (BC) from the wastewater treatment plant of SUFISA (Jerez de la Frontera, 10
Southern Spain) and leonardite (LE), a low grade coal rich in humic acids (DAYMSA, 11 Zaragoza, Northern Spain). The inorganic amendment was sugar beet lime (SL), a 12 residual material from the sugar beet manufacturing process with 70-80% (dry basis) 13 CaCO 3 (EBRO-AGRÍCOLAS, San José de la Rinconada, Southern Spain). The most 14 relevant characteristics of the amendments are shown in Table 1 . The term pseudo-total accounts for the aqua-regia digestion, because it does not 2 completely destroy silicates. Recovery of pseudototal elements was assessed against 3 total elements in a BCR reference sample (CRN 277). Recovery rates were: As 83 %, 4
Cd 66 % , Cu 103 % , Pb 72% and Zn 93 % . Total trace elements were calculated on 5 dry wt basis using the above recovery factors. 6
Statistical analysis 7
Mean and standard error (SE) were determined for all data. Normality of the 8 data was tested prior to analysis and, when necessary, variables were transformed 9 logarithmically. The data was analysed by ANOVA, considering the treatment and year 10 sampling as the independent variable. Significant statistical differences of all variables 11 between the different amendments were established by Tukey's test. If, after 12 transformation, the data did not fit a normal distribution, we used the non-parametric 13
Kruskal-Wallis analysis of ranks. 14 Correlation analysis (Pearson's coefficients) was performed to determine the 15 relationship between the different parameters analysed. 16 17
Results and discussion 18
Whilst every effort was made to remove the sludge, there were inevitable 19 instances where soils were inadvertently left in a contaminated state due to difficulties 20 in mechanical removal or where sludge was physically incorporated into the exposed 21
subsoil. This left a very heterogeneous distribution of trace elements in the soils that 22 inevitably resulted in a considerable degree of variability between and within the 23 different subplots in terms of soil metal concentrations. 24
A c c e p t e d M a n u s c r i p t 8
Soil pH and TOC 1
Changing the pH is a frequent remediation practice for trace element polluted 2 soils, as the majority of the elements (apart from As) are less soluble in alkaline 3 conditions [8] . Mean values of pH for the four year study are shown in Figure 2 (a, b) . 4
Values were similar at both depths at the beginning of the study (2002) . All the 5 amendments had noticeable effects on soil pH, particularly in the 0-15 cm horizon. 6
Here, the greatest change in pH was observed for the SL treatment: this raised the pH by TOC was 18 g kg -1 , in the LESL plots, representing a 2-fold increase. This fact is 3 related to the high TOC content of these amendments. For BC and SL subplots TOC in 4 2005 was 14.5 g kg -1 and 11.0 g kg -1 respectively. This is especially important here, 5 where the treated soil was highly degraded, totally or partially devoid of surface litter 6 and upper soil horizon. A sustainable increase in soil TOC will potentially enhance 7 fertility, soil structure and water retention. Figure 4i ). This result could be due to heterogeneity of 12 pollution penetration, although total Pb content was always higher in the upper horizon 13 (Table 2) . 14 15
Total soil As, Cd, Cu, Pb and Zn content in relation to the incorporation of 16

amendments. 17
When amendments that contain elevated trace element concentrations are added 18 to soils (even if soils themselves contain high concentrations) it is necessary to study 19 their impact on total soil metal concentrations. 20 Table 3 (Table 2) , although the 9 proportion of both elements was different for each amendment. Higher total As and Pb 10 contents were found in the LESL subplots, and lower contents in the BC and SL 11 subplots. Content of both elements in BC and SL subplots were even lower than NA 12 subplots (Table 2) . Total contents of both elements at the end of the study were 8-10 13 fold higher than background values in the area (18.9 mg kg -1 for As and 38.2 mg kg For depth 15-30 cm total trace element contents were lower than in upper soils 17 (Table 2) , and still higher than in concentrations of non-affected soils in the area [28] . 18
Conclusion 20
The two successive applications of amendments alkalinized soil pH and 21 increased total organic C concentrations in soil. Particularly, application of lime seems 22 to be very effective to change soil pH. Addition of organic amendments is useful for 23 increasing soil organic C. These improvements of soil properties were maintained afterM a n u s c r i p t 
